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(54) Protective layer transfer sheet 

(57) There is provided a protective layer transfer 
sheet comprising: a substrate sheet; and a thermally 
transferable protective layer provided on at least a part 
of one side of the substrate sheet, the protective layer 
comprising at least an aromatic polycarbonate resin 
which is soluble in a nonhalogenated solvent and has a 
glass transition temperature Tg of 80°C or above. 

There is also provided a print comprising a sub- 
strate having, on at least one side thereof, at least a dye 
image and a protective layer covering at least a part of 
the image, the protective layer having been formed by 
transfer from the above protective layer transfer sheet 




F I G. I 



CM 
< 

O) 

O 

Q. 
LU 



Printed by Xerox (UK) Business Services 
2.16.7/a6 



EP 0 917 964 A2 



Description 

[0001] The present invention relates to a protective layer transfer sheet. More particularly, the present invention 
relates to a protective layer transfer sheet which can provide a print, comprising a substrate having thereon an image. 
5 possessing excellent fastness properties. 

[0002] Halftone images and monotone images, such as letters and symbols, have hitherto been formed on a sub- 
strate by thermal transfer Thermal transfer methods widely used in the art are thermal dye transfer and thermal ink 
transfer. 

[0003] The thermal dye transfer is a method which comprises the steps of: providing a thermal transfer sheet com- 
io prising a substrate sheet bearing a dye layer formed of a subiimable dye as a colorant melted or dispersed in a binder 
resin; putting this thermal transfer sheet on the top of a substrate (optionally having a dye-receptive layer); applying 
energy corresponding to image information to a heating device, such as a thermal head, to transfer the subiimable dye 
contained in the dye layer onto the substrate, thereby forming an image. 

[0004] For the thermal dye transfer, the amount of the dye to be transferred can be regulated dot by dot by regulating 
is the quantity of energy applied to the thermal transfer sheet. Therefore, excellent halftone images can be obtained. In 
this method, however, unlike the formation of an image by a conventional printing ink using a pigment as the colorant, 
a relatively low-molecular weight dye is used as the colorant, and, in addition, a vehicle is absent. For this reason, the 
formed image is disadvantageous^ poor in fastness properties, such as light fastness, weather fastness, and rubbing 
fastness. 

20 [0005] One method for solving the above problem of the prior art is to transfer a protective layer comprising an ultra- 
violet absorber or the like onto the formed image. 

[0006] Some fastness properties of the image can be improved by this method. In the case of the conventional pro- 
tective layer transfer sheet, however, the light fastness of the image is unsatisfactory. Cyan dyes are particularly likely 
to fade. Therefore, light irradiation leads to a lowering in density of the image and, at the same time, causes a change 

25 in hue to red, resulting in remarkably deteriorated image quality. 

[0007] Another method for solving the above problem is to use an aromatic polycarbonate resin, capable of providing 
a print having an image, particularly a cyan dye image, possessing excellent light fastness, in a dye-receptive layer pro- 
vided on a substrate (see, for example, in Japanese Patent Laid-Open Nos. 169694/1987 and 131758/1993). Further, 
improving the transferability of a dye onto a dye-receptive layer comprising an aromatic polycarbonate resin has also 

30 been disclosed (see, for example, in Japanese Patent Laid-Open Nos. 301487/1990 and 80291/1990). 

[0008] Use of the aromatic polycarbonate resin as the protective layer in the protective layer transfer sheet is consid- 
ered effective for solving the above problem. In this case, however, polycarbonate resins, derived from 2, 2-bis(4-hydrox- 
yphenyl)propane [bisphenol A] and represented by the following general formula, which have been described as 
preferred aromatic polycarbonate resins in most of the above publications, and copolymer polycarbonate resins dis- 

35 closed in Japanese Patent Laid-Open No. 301487/1990 have low solubility in solvents, and chlorinated solvents, such 
as methylene chloride and trichloromethane, should be used in the production of the protective layer transfer sheet, 
posing a problem of work environment. 




wherein n is an integer. 

[0009] Another problem involved in the conventional protective layer transfer sheet is that kick back is likely to be cre- 
so ated. The kick back refers to such a phenomenon that, in the course of production of an integral transfer sheet, com- 
prising protective layers and dye layers provided in a face serial manner on a common transfer sheet, involving a 
plurality of times of winding and rewinding, for example, the steps of rewinding the protective layer and the dye layer 
after coating, such as winding after the completion of coating, winding at the time of slrttering after the coating, and 
winding around a bobbin as a form of a product, during storage in a wound state until next steps, the dye is first trans- 
55 f erred (kicked) from the dye layer onto the backside of the substrate sheet, and, at the time of rewinding in the next step, 
the kicked dye is retransferred (backed) onto the front side of the substrate sheet facing the kicked dye. Rolls prepared 
in respective steps are different from one another in opposed faces. This creates a problem wherein each color dye is 
transferred onto the surface of the protective layer by the kick back phenomenon. 
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[001 0] The creation of the kick back phenomenon in the transparent protective layer leads to a problem that transfer 
of the protective layer onto an image causes the image to be colored with the dye transferred by the kick back phenom- 
enon, resulting in remarkably deteriorated image quality. 

[001 1 ] The present invention has been made under the above circumstances, and an object of the present invention 
is to provide a protective layer transfer sheet which can provide a print having enhanced light fastness properties. 
[001 2] According to the present invention, the above object can be attained by a protective layer transfer sheet com- 
prising: a substrate sheet; and a thermally transferable protective layer provided on at least a part of one side of the 
substrate sheet, the protective layer comprising at least an aromatic polycarbonate resin which is soluble in a nonhalo- 
genated solvent and has a glass transition temperature Tg of 80°C or above. 

[0013] According to a preferred embodiment of the present invention, the aromatic polycarbonate resin comprises 
either a random copolymer of structural units represented by the following general formula (1) with not more than 70% 
by mole of structural units represented by the following general formula (2), or a homopolymer consisting of structural 
units represented by the following general formula (1): 
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wherein n is an integer; and 
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wherein n is an integer. 

[0014] Accoiding to a preferred embodiment of the present invention, the protective layer comprises at least one 
member selected from the group consisting of an acrylic resin, a styrene resin, a polyester resin, and a polyvinyl acetal 
40 resin, each of the resins having a glass transition temperature Tg of 80"C or above. 

[001 5) According to a preferred embodiment of the present invention, the protective layer comprises a random copol- 
ymer of a reactive ultraviolet absorber with an acrylic monomer, the random copolymer having a glass transition tem- 
perature Tg of 60°C or above and represented by the following general formula (3): 
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wherein m and n are an integers. 
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- [001 6] According to a preferred embodiment of the present invention, the protective layer comprises a benzotriazole 
ultraviolet absorber. 

[0017] The print of the present invention comprises a substrate having, on at least one side thereof, at least a dye 
image and a protective layer covering at least a part of the image, the protective layer having been formed by transfer 
5 from any one of the above protective layer transfer sheets. 

[0018] According to the protective layer transfer sheet of the present invention, the thermally transferable protective 
" layer may be formed without use of any chlorinated solvent, permitting work environment to be protected. In addition, 
the thermally transferable protective layer has high ultraviolet absorption and excellent fastness, is much less likely to 
cause kick back, and can be surely transferred onto a dye image provided on a substrate. The protective layer trans- 
re ferred onto the image can effectively prevent the dye constituting the image to be faded by light, and can provide a print 
having an image possessing excellent fastness properties. 

Fig. 1 is a schematic cross-sectional view showing a protective layer transfer sheet according to one embodiment 
of the present invention; 

is Fig. 2 is a schematic cross-sectional view showing a protective layer transfer sheet according to another embodi- 
ment of the present invention; 

Fig. 3 is a schematic cross-sectional view showing a protective layer transfer sheet according to still another 
embodiment of the present invention; 

Fig. 4 is a schematic cross-sectional view showing a protective layer transfer sheet according to a further embodi- 
20 ment of the present invention; 

Fig. 5 is a schematic cross-sectional view of a still further embodiment of the present invention; and 

Fig. 6 is a schematic cross-sectional view showing one embodiment of the print according to the present invention. 

[0019] Embodiments of the present invention wilt be described in more detail with reference to the accompanying 
25 drawings. 

Protective laver transfer sheet 

[0020] Figs. 1 to 4 are schematic cross-sectional views showing embodiments of the protective layer transfer sheet 
30 according to the present invention. 

[0021 ] A protective layer transfer sheet 1 , according to the present invention, shown in Fig. 1 is an embodiment having 
the simplest layer construction. In this layer construction, a thermally transferable protective layer 12 is provided on one 
side of a substrate sheet 11 . 

[0022] A protective layer transfer sheet 2. according to the present invention, shown in Fig. 2 has the same layer con- 
35 struction as the protective layer transfer sheet 1 shown in Fig. 1 , except that a backside layer 1 3 is provided on the sub- 
strate sheet 1 1 in its side remote from the thermally transferable protective layer 12. 

[0023] A protective layer transfer sheet 3, according to the present invention, shown in Fig. 3 has a laminate structure 
comprising: a substrate sheet 11; a thermally transferable protective layer 12 provided on one side of the substrate 
sheet 1 1 ; and a backside layer 1 3 provided on the other side of the substrate sheet 1 1 , the thermally transferable pro- 

40 tect'rve layer 12 comprising a protective layer 12a and an adhesive layer 12b. 

[0024] A protective layer transfer sheet 4, according to the present invention, shown in Fig. 4 has the same layer con- 
struction as the protective layer transfer sheet 3 shown in Fig. 3, except that a release layer 14 is provided between the 
substrate sheet 1 1 and the protective layer 1 2. Also in the protective layer transfer sheets 1 and 2, the release layer 1 4 
may be provided between the protective layer 12 having a single-layer structure and the substrate sheet 1 1 . The release 

45 layer 14 is constructed so that, when the protective layer 12 is thermally transferred, the release layer 14 per se is left 
on the substrate sheet 1 1 side. 

[0025] Next, layers constituting the protective layer transfer sheet of the present invention will be described. 
(1) Substrate sheet 

50 

[0026] In the protective layer transfer sheet of the present invention, the substrate sheet 1 1 may be any substrate 
sheet used in conventional thermal transfer sheets. Specific examples of preferred substrate sheets include tissue 
papers, such as giassine paper, capacitor paper, and paraffin paper; stretched or unstretched films of plastics, for 
example, polyesters, such as polyethylene terephthalate, polyethylene naphthalate, and polybutylene terephthalate, 
55 polyphenylene sulfite, polyether ketone, polyethersurfone, polypropylene, polycarbonate, cellulose acetate, derivatives 
of polyethylene, polyvinyl chloride, polyvinylidene chloride, polystyrene, polyamide, polyimide, polymethylpentene, and 
ionomers; materials prepared by subjecting the above materials to treatment for improving the adhesion; and laminates 
of the above materials. The thickness of the substrate sheet 1 1 is suitably determined depending upon materials for the 
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substrate sheet so that the substrate sheet has proper strength, heat resistance and other properties. In genera!, how- 
ever, the thickness is preferably about 1 to 100 urn. 

(2) Thermally transferable protective layer (protective layer) 



[0027] The thermally transferable protective layer 12 in the protective layer transfer sheets 1 and 2 of the present 
invention and the protective layer 12a in the protective layer transfer sheets 3 and 4 of the present invention comprise 
at least an aromatic polycarbonate resin that is soluble in a nonhalogenated solvent and has a glass transition temper- 
ature Tg of 80°C or above. 

10 [0028] The expression "aromatic polycarbonate resin which is soluble in a nonhalogenated solvent" used herein refers 
to an aromatic polycarbonate resin which, when added in an amount of 20% by weight to a solvent of a 1 : 1 mixture of 
methyl ethyl ketone and toluene followed by shaking at room temperature for 8 hr, is dissolved in the solvent to prepare 
a transparent solution. Use of the aromatic polycarbonate resin soluble in the nonhalogenated solvent permits the ther- 
mally transferable protective layer 1 2 (protective layer 12a) to be formed without use of any chlorinated solvent which is 

is unfavorable from the viewpoint of work environment. 

[0029] When the aromatic polycarbonate resin has a glass transition temperature Tg of 80°C or above, the develop- 
ment of the kick back phenomenon in the protective layer transfer sheet can be prevented. As described above, the term 
"kick back" used herein refers to such a phenomenon that in the course of production of an integral transfer sheet 
involving a plurality of times of winding, for example, winding after the completion of coating and winding at the time of 

20 slittering, the dye is first transferred (kicked) from the dye layer onto the backside of the substrate sheet, and, at the time 
of winding in the next step, the kicked dye is retransferred (backed) onto the protective layer. 
[0030] Aromatic polycarbonate resins usable herein include, for example, 

homopolymer polycarbonate resins derived from 2,2-bis(4-hydroxy-3-methylphenyl)propane [bisphenol C] and rep- 
25 resented by the general formula (1): 



wherein n is an integer; 

homopolymer polycarbonate resins derived from 1,1-bis(4-hydroxyphenyl)cyclohexane [bisphenol Z] and repre- 
sented from the following general formula (4): 
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wherein n is an integer; and 

random copolymer polycarbonate resins comprising structural units represented by the general formula (1) and 
structural units derived from 2,2-bis(4-hydroxyphenyl)propane [bisphenol A] and structural units represented by the 
following general formula (2) (the content of structural units represented by the general formula (2): not more than 
70% by mole): 



CH3 




O 
II 

-c- 



n 



(2) 



wherein n is an integer. 

[0031 ] The viscosity average molecular weight of these aromatic polycarbonate resins is 5,000 to 1 00,000, more pref- 
erably 10,000 to 50,000. When the viscosity average molecular weight is less than 5,000, the coating has poor mechan- 
ical strength and hence is unsatisfactory as a protective layer. On the other hand, a viscosity average molecular weight 
exceeding 1 00,000 poses a problem that solubility in general-purpose solvents and, when use of the aromatic polycar- 
bonate resin as a blend with other resins is contemplated, compatibility with the other resins is deteriorated. 
[0032] In particular, the above aromatic polycarbonate resin can impart light fastness to a print having a cyan dye 
image, and, as described below, when a protective layer formed of the aromatic polycarbonate resin is transferred onto 
an image in a print, fading of the dye constituting the image by light can be effectively prevented. That is, the aromatic 
polycarbonate resin can provide a print having excellent fastness properties through the solution of the problem of the 
conventional protective layer transfer sheet that dyes, particularly cyan dyes, have unsatisfactory light fastness and are 
likely to fade and. hence, irradiation of the dye image with light leads to a lowering in density of the image and, at the 
same time, causes a change in hue to red, resulting in remarkably deteriorated image quality. 

[0033] Among the aromatic polycarbonate resins, homopolymer polycarbonate resins derived from bisphenol C and 
represented by the general formula (1 ) and random copolymer polycarbonate resins comprising structural units derived 
from bisphenol C and structural units derived from bisphenol A are preferred from the viewpoint of material cost. Fur- 
ther, in the case of the random copolymer polycarbonate resins, those having a glass transition temperature Tg of 
120°C or above are particularly preferred from the viewpoint of fastness to kick back. 

[0034] According to the protective layer transfer sheet of the present invention, the thermally transferable protective 
layer 12 and the protective layer 12a may comprise, in addition to the above aromatic polycarbonate resin, 25 to 75% 
by weight of at least one resin selected from acrylic resins, styrene resins, polyester resins, and polyvinyl acetal resins, 
these resins having a glass transition temperature Tg of 80° C or above. The incorporation of these resins contributes 
to a further improvement in fastness properties, such as rubbing fastness and scratch fastness, of the thermally trans- 
ferable protective layer 12 and the protective layer 12a. 

[0035] In order to improve the ultraviolet absorption, the thermally transferable protective layer 12 and the protective 
layer 1 2a in the protective layer transfer sheet of the present invention may comprise 5 to 50% by weight of a random 
copolymer having a glass transition temperature Tg of 60°C or above, preferably 80°C or above, the random copolymer 
having been prepared by random-copolymerizing a reactive ultraviolet absorber with an acrylic monomer. 
[0036] The reactive ultraviolet absorber may be one prepared by introducing, for example, an addition-polymerizable 
double bond of a vinyl, acryioyl, or methacryloyl group or an alcoholic hydroxyl, amino, carboxyl, epoxy, or isocyanate 
group into a nonreactive ultraviolet absorber, for example, a conventional organic ultraviolet absorber, such as a sali- 
cylate, benzophenone, benzotriazoie, substituted acrylonitrile, nickel chelate, or hindered amine nonreactive ultraviolet 
absorber. 

[0037] Acrylic monomers usable herein include the following compounds: 

methyl acrylate. methyl methacrylate, ethyl acrylate, ethyl methacrylate, propyl acrylate, propyl methacrylate, butyl 
acrylate, butyl methacrylate, isobutyl acrylate, isobutyl methacrylate, tert-butyl acrylate, tert-butyl methacrylate, 
isodecyl acrylate, isodecyl methacrylate, lauryl acrylate, lauryl methacrylate, lauryltridecyl acrylate, lauryltridecyl 
methacrylate, tridecyl acrylate, tridecyl methacrylate, cerylstearyl acrylate, cerylstearyl methacrylate, stearyi acr- 
ylate, stearyl methacrylate, ethylhexyl acrylate, ethylhexyl methacrylate, octyl acrylate, octyl methacrylate. 
cyclohexyl acrylate, cyclohexyl methacrylate, benzyl acrylate, benzyl methacrylate, methacrylic acid, hydroxyethyl 
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acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate. hydroxypropyl methacrylate, dimethyfaminoethyl acr- 
ylate, dimethylaminoethyl methacrylate, diethylaminoethyl acrylate, diethylaminoethyl methacrylate, tert-butylami- 
noethyl acrylate, tert-butylaminoethyl methacrylate, glycidyl acrylate, glycidyl methacrylate, tetrahydrofurfuryl 
acrylate, tetrahydrofurfuryl methacrylate, ethylene diacrylate, ethylene dimethacrylate. diethylene glycol diacrylate, 
diethylene glycol dimethacrylate, triethylene glycol diacrylate. triethylene glycol dimethacrylate, tetraethylene glycol 
diacrylate, tetraethylene glycol dimethacrylate, decaethylene glycol diacrylate, decaethylene glycol dimethacrylate, 
pentadecaethylene glycol diacrylate, pentadecaethylene glycol dimethacrylate, perttacontahectaethylene glycol 
diacrylate, pentacontahectaethylene glycol dimethacrylate, butylene diacrylate, butytene dimethacrylate, allyl acr- 
ylate, ally) methacrylate, trimethylolpropane triacrylate, trimethylolpropane trimethacrylate, hexanedlol diacrylate, 
hexanediol dimethacrylate, tripropylene glycol diacrylate, tripropylene glycol dimethacrylate, pentaerythritol 
tetraacrylate, perrtaerythritol tetramethacrylate. pentaerythritol hexaacrylate, pentaerythritol hexamethacrylate, 
dipentaerythritol hexaacrylate, dipentaerythritol hexamethacrytate, 1 ,6-hexanediol diacrylate, 1,6-hexanediol 
dimethacrylate, neopentylglycol pentaacryiate, neopentylglycd pentamethacrylate, phosphazene hexaacrylate, 
and phosphazene hexamethacrylate. These acrylic monomers may be used alone or as a mixture of two or more. 

[0038] The content of the reactive ultraviolet absorber in the random copolymer of the reactive ultraviolet absorber 
with the acrylic monomer is generally 10 to 90% by weight, preferably 30 to 70% by weight The molecular weight of the 
random copolymer is generally about 5,000 to 250,000, preferably about 9,000 to 30,000. 

[0039] Examples of the random copolymer of the reactive ultraviolet absorber with the acrylic monomer include, but 
are not limited to, those represented by the general formula (3): 



30 




(3) 



35 wherein m and n are an integer. 

[0040] Further, a benzotriazole ultraviolet absorber may be incorporated generally in an amount of 10 to 70% by 
weight preferably 30 to 60% by weight, into the thermally transferable protective layer 12 and the protective layer 12a 
from the viewpoint of improving the ultraviolet absorption. 

[0041] Examples of preferred benzotriazole ultraviolet absorbers include those represented by the following general 
40 formula (5): 

HO X 



45 



(5) 



50 



wherein X and Y represent an optionally branched alkyl group or aralkyl group having 4 to 12 carbon atoms and Z rep- 
resents hydrogen or a chlorine atom. 

55 (3) Adhesive layer 



[0042] The adhesive layer 12b functions to facilitate the transfer of the protective layer 12a to an object. 

[0043] Adhesives usable for the adhesive layer include (meth)acrylate, styrene/(meth)acrylate, vinyl chloride, sty- 
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. rene/vinyl chloride/vinyl acetate copolymer, vinyl chloride/vinyl acetate copolymer, polyester, polyamide and other hot- 
melt adhesives. The adhesive layer may be formed by a conventional method, such as gravure coating, gravure reverse 
coating, or roll coating. The thickness of the adhesive layer is preferably about 0.1 to 5 urn. 

5 (4) Backside layer 

* [0044] The backside layer 13 is provided to prevent heat blocking between a heating device, such as a thermal head, 
and the substrate sheet 1 1 and to improve the slip property of the protective layer transfer sheet. Resins usable in the 
backside layer 13 include naturally occurring and synthetic resins, for example, cellutosic resins, such as ethylcellulose. 

io hydroxycellulose, hydroxypropytcellulose, methylcellulose, cellulose acetate, cellulose acetate butyrate, and nitrocellu- 
lose, vinyl resins, such as polyvinyl alcohol, polyvinyl acetate, polyvinyl butyral. polyvinyl acetal, and polyvinyl pyrro- 
lidone, acrylic resins, such as polymethyl methacrylate, polyethyj acrylate, polyacrylamide, and acrylonitrile/styrene 
copolymer, polyamide resin, polyvinyltoluene resin, coumarone-indene resin, polyester resin, polyurethane resin, sili- 
cone-modified or fluorine-modified urethane. They may be used alone or as a mixture of two or more. In order to 

is enhance the heat resistance of the backside layer 13, the backside layer 13 is preferably constituted by a crosslinked 
resin layer formed by using a resin having a hydroxy! reactive group among the above resins in combination with 
polyisocyanate or the like as a crosslinking agent. 

[0045] Further, from the viewpoint of imparting stability of the protective layer transfer sheet on the thermal head, a 
solid or liquid release agent or lubricant may be added to the backside layer 13 to provide heat slip properties. Release 

20 agents or lubricants usable herein include, for example, various waxes, such as polyethylene wax and paraffin waxes, 
higher aliphatic alcohols, organopolysiioxanes, anionic surfactants, cationic surfactants, amphoteric surfactants, noni- 
onic surfactants, fluorosurfactants, organic carboxylic acids and derivatives thereof, fluororesins, silicone resins, and 
fine particles of inorganic compounds, such as talc and silica. The content of the release agent or the lubricant in the 
backside layer 6 is generally about 5 to 50% by weight, preferably about 10 to 30% by weight. 

25 [0046] The thickness of the backside layer 13 is generally about 0.1 to 10 iim, preferably about 0.5 to 5 |im. 

(5) Release layer 

[0047] The release layer 14 is provided when, in a combination of the substrate sheet 1 1 with the protective layer 12. 

30 the releasability of the protective layer at the time of the thermal transfer of the protective layer is unsatisfactory. In par- 
ticular, in the case of a substrate sheet subjected to treatment for rendering the substrate sheet adhesive, when the pro- 
tective layer is provided directly on the substrate sheet, the transferability of the protective layer from the substrate sheet 
is deteriorated. In this case, the provision of the release layer is preferred. Materials for the release layer are not partic- 
ularly limited. For example, the release layer may be formed of a release agent, for example, a wax. such as a silicone 

35 wax, a silicone resin, or a fluororesin. Alternatively, the material for the release layer may be properly selected from 
hydrophilic resins disclosed in Japanese Patent Laid-Open No. 142988/1992 and various curable resins according to 
properties of the substrate sheet and the protective layer. The release layer may be formed by coating an ink, prepared 
by dissolving or dispersing the release agent and an optional additive in a suitable solvent, onto the substrate sheet 1 1 
by a conventional method and then drying the coating. The thickness of the release layer is preferably about 0.1 to 5 

40 pm 

[0048] Fig. 5 is a schematic cross-sectional view showing a further embodiment of the protective layer transfer sheet 
according to the present invention. In Fig. 5, the protective layer transfer sheet 5 is an integral thermal transfer sheet, 
used in thermal dye transfer, which serves both as a protective layer transfer sheet and a thermal dye transfer sheet. 
The protective layer transfer sheet 5 comprises: a substrate sheet 1 1 ; a protective layer 1 2 and a dye layer 1 7 provided 
45 in a face serial manner on one side of the substrate sheet 1 1 ; and a backside layer 1 3 provided on the other side of the 
substrate sheet 1 1 . 

[0049] The protective layer 1 2 may have the single-layer structure or laminate structure as described above. The sub- 
strate sheet 11 and the backside layer 13 also may be the same as those described above. Further, as described 
above, the release layer 14 may be provided between the substrate sheet 1 1 and the protective layer 1 2. 

so [0050] The dye layer 17 is constituted by dye layers 17Y, 17M, 17C, and 17BK respectively having hues of yellow, 
magenta, cyan, and black. The dye layer17(17Y, 17M, 17C, and 17BK) comprises at least a dye and a binder resin. 
[0051] Dyes usable herein include, but are not particularly limited to, dyes commonly used in conventional thermal 
transfer sheets for thermal dye transfer, such as azo, azomethine, methine, anthraquinone, quinophthalone, and naph- 
thoquinone dyes. Various dyes as described above may be combined to form a dye layer having any desired hue of 

55 black or the like. 

[0052] Binder resins usable for holding the dye in the dye layer 1 7 include conventional binders, for example, cellulosic 
resins, such as ethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, methylcellulose, cellulose acetate, and 
cellulose acetate butyrate. vinyl resins, such as polyvinyl alcohol, polyvinyl acetate, polyvinyl butyral, polyvinyl acetal, 



8 



EP 0 917 964 A2 

polyvinyl pyrrolidone. and polyacrylamide, and polyester. Among them, cellulosic, acetal, butyral, and polyester binder 
resins are preferred from the viewpoint of heat resistance and transferability of dyes. 

[0053] Further, any conventional release agent may be used in the dye layer 1 7 from the viewpoint of preventing heat 
blocking between the binder for the dye layer and a resin in a receptive layer at the time of printing. Specific examples 

s of release agents usable herein include various waxes, such as polyethylene wax and paraffin wax, higher aliphatic 
alcohols, organopolysiloxanes, various surfactants, various phosphoric esters, f luororesins, and silicone resins. 
[0054] The dye layer 17 may be formed by coating an ink, prepared by dissolving or dispersing the sublimable dye, 
the binder resin, and an optional additive in a suitable solvent, onto the substrate sheet by a conventional method and 
then drying the coating. The thickness of the dye layer 17 is generally about 0.2 to 5 jim, preferably 0.4 to 2 urn. The 

w content of the sublimable dye in the dye layer 17 is generally 5 to 90% by weight, preferably 10 to 70% by weight 

[0055] In the protective layer transfer sheet 5, the protective layer 12, 17Y, 17M, 17C, and 17BK are provided in that 
order in a face serial manner. The construction of the protective layer transfer sheet according to embodiment is not lim- 
ited to this only. The dye layer 1 7BK for black may be omitted. Further, the dye layer 1 7 (1 7Y, 1 7M, 1 7C, and 1 7BK) may 
partially or entirely have a two-layer structure. 

75 [0056] The protective layer transfer sheet according to the present invention is not limited to the above embodiments 
and may be varied or modified as desired according to applications and the like. In particular, when the protective layer 
transfer sheet is in the form of a composite type protective layer transfer sheet, the formation of an image by thermal 
transfer can be carried out simultaneously with the transfer of a protective layer onto a print 



20 Print 

[0057] The print of the present invention will be described. 

[0058] Rg. 6 is a schematic cross-sectional view showing one embodiment of the print according to the present inven- 
tion. In Fig. 6, the print 21 comprises: a substrate 22 bearing a dye-receptive layer 23; an image 24 which has been 

25 recorded by thermal dye transfer onto the dye-receptive layer 23 provided on the substrate 22; and a protective layer 
25 covering the image 24. The image 24 may comprise a full-color image 24a of three colors of yellow, magenta, cyan, 
or four colors of yellow, magenta, cyan, and black, and a monotone image 24b of a letter, a symbol or the like. 
[0059] In the print 21 shown in Fig. 6, the image 24 is entirely covered with the protective layer 25. The protective layer 
25 may be formed by transferring the protective layer 12 in the protective layer transfer sheet of the present invention 

30 so as to cover the image 24. Therefore, by virtue of the provision of the protective layer 25, the print 21 of the present 
invention possesses good fastness properties, such as good light fastness, weather fastness, and rubbing fastness. 
[0060] The following examples further illustrate the present invention but are not intended to limit it 

Preparation of aromatic polycarbonate resins 

35 

[0061] The following polycarbonate resins (PCM to PC-8, PC-V, and PC-1"), were prepared and the glass transition 
temperature Tg thereof was measured under the following conditions. Further, each polycarbonate resin was added in 
an amount of 20% by weight to a solvent composed of a 1 : 1 mixture of methyl ethyl ketone and toluene, and the mix- 
ture was shaken for 8 hr at room temperature to evaluate the solubility of the polycarbonate resins. The results are sum- 
40 marized in the following Table 1 . 

PC-1: A polycarbonate resin which is a homopolymer consisting of structural units represented by the following 
general formula (1) 

PC-2: A polycarbonate resin which is a random copolymer comprising 20% by mole of structural units represented 
45 by the following general formula (2) and 80% by mole of structural units represented by the following general for- 
mula (1) 

PC-3: A polycarbonate resin which is a random copolymer comprising 40% by mole of structural units represented 
by the following general formula (2) and 60% by mole of structural units represented by the following general for- 
mula (1) 

so PC-4: A polycarbonate resin which is a random copolymer comprising 60% by mole of structural units represented 
by the following general formula (2) and 40% by mole of structural units represented by the following general for- 
mula (1) 

PC-5: A polycarbonate resin which is a random copolymer comprising 70% by mole of structural units represented 
by the following general formula (2) and 30% by mole of structural units represented by the following general for- 
55 mula(1) 

PC-6: A polycarbonate resin which is a random copolymer comprising 80% by mole of structural units represented 
by the following general formula (2) and 20% by mole of structural units represented by the following general for- 
mula (1) 
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PC-7: A polycarbonate resin which is a random copolymer comprising 90% by mole of structural units represented 
by the following general formula (2) and 10% by mole of structural units represented by the following general for- 
mula (1) 

PC-8: A polycarbonate resin which is a homopolymer consisting of structural units represented by the following 
general formula (2) 

PC-V: A polycarbonate resin which is a homopolymer consisting of structural units represented by the following 
general formula (4) 

PC-V: A polycarbonate resin which is a random copolymer comprising 50% by mole of structural units represented 
by the following general formula (2) and 50% by mole of structural units represented by the following general for- 
mula (6) 



(D 



n 



wherein n is an integer; 



(2) 

n 

wherein n is an integer; 



(4) 



n 



wherein n is an integer; and 



CH3 O 
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- (6) 
n 



wherein n is an integer. 
Q\a$$ transition temperature 

75 

[0062] Measured with a differential scanning calorimeter DSC-50 (manufactured by Shimadzu Seisakusho Ltd.) 
according to JIS K 7121 . 

[0063] A homopolymer, having a glass transition temperature of 67 e C, comprising structural units represented by the 
following general formula (7) (PC-9) was provided as the polycarbonate resin, and the solubility thereof in a nonhalo- 
20 genated solvent was evaluated in the same manner as described above. 



O 




25 




(7) 



n 



30 



35 



wherein n is an integer. 

[0064] Further, an acrylic resin having a glass transition temperature of 85°C (Dianal BR-75, manufactured by Mit- 
subishi Rayon Co., Ltd.), a vinyl chloride/vinyl acetate copolymer having a glass transition temperature of 65°C (Denka 
Vinyl #1000ALK, manufactured by DenW Kagaku Kogyo K.K.), and a polyester resin (PEs-1), having a glass transition 
temperature of 92°C, synthesized from the following acid moiety and diol moiety by a conventional method were pro- 
vided, and the solubility thereof in a nonhalogenated solvent was evaluated in the same manner as described above. 



Acid moiety: terephthalic acid • • • 50 mol% 
40 isophthalic acid • • • 50 mol% 

Diol moiety: diethylene glycol • • • 10 mol% 

tetracyclodecane glycol • • • 90 mol% 



Table 1 



Resin 


Glass transition temp. 
Tg,°C 


Solubility in nonhalogen- 
ated solvent 


Viscosity average molec- 
ular weight, Mv 


PC-1 


120 


O (Transparent solution) 


2.14 x10 4 


PC-2 


127.1 


O (Transparent solution) 


2.08 x 10 4 


PC-3 


130.7 


O (Transparent solution) 


2.24 x10 4 


PC-4 


137 


O (Transparent solution) 


2.81 x10 4 


PC-5 


139.8 


O (Transparent solution) 


2.80 x10 4 


PC-6 


144.6 


X (Opaque, separated) 


2.76 x10 4 


PC-7 


146.5 


X (Opaque, separated) 


2.82 x10 4 
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Table 1 (continued) 



Resin 


Glass transition temp. 

Tn or* 


Solubility in nonhalogen- 
aiou ooiveru 


Viscosity average molec- 

u\ai weiyi ii a iviv 


PC-8 


149 


X (Insoluble) 


2.80 x 10 4 


PC-V 


171 


O (Transparent solution) 


2.15 x10 4 


pc-r 


135 


O (Transparent solution) 


2.80 x 10 4 


PC-9 


67 


O (Transparent solution) 


1.40 X10 4 


Acrylic resin 


85 


O (Transparent solution) 




Vinyl chloride/vinyl acetate 
copolymer 


65 


O (Transparent solution) 




PEs-1 


92 


O (Transparent solution) 





10 



75 



30 



[0065] From Table 1 . it is apparent that PC-1 to PC-5, PC-9, PC-V. PC-r, and acryl resin, vinyl chloride/vinyl acetate 
copolymer, and polyester resin (PEs-1) are soluble in the nonhalogenated solvent. 

20 Preparation of coating liquids for protective laver and coating liqu ids tor release layer 

[0066] The following coating liquids 1 to 13 for a protective layer and the following coating liquids 1 to 2 for a release 
layer were prepared according to the following formulations. 

25 Co ati no liquid 1 for protective laver 

[0067] 



Polycarbonate resin (PC-1) 

Methyl ethyl ketone/toluene = 1/1 (weight ratio) 



20 pts.wt. 
80 pts.wt. 



35 Coat ing li q ui d Z for protective layer 

[0068] 



40 



45 



50 



Polycarbonate resin (PC-2) 

Acrylic copolymer as ultraviolet absorber (UVA 635L, manufactured by BASF Japan) 
Methyl ethyl ketone/toluene = 1/1 (weight ratio) 



15pts.wt. 
5 pts.wt. 
80 pts.wt. 



Coating liquid 3 for protective laver 
[0069] 



55 



Polycarbonate resin (PCM) 20 pts.wt 

Benzotriazole ultraviolet absorber (TINUVIN 328. manufactured by CIBA-GEIGY (Japan) Ltd.) 1 0 pts.wt 
Methyl ethyl ketone/toluene = 1/1 (weight ratio) 80 pts.wt. 
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Coating liquid 4 for protective layer 
[0070J 
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Polycarbonate resin (PC-3) 10pts.wt. 

Polyester resin (PEs-1) j 6 pts.wt. 

Acrylic copolymer as ultraviolet absorber (UVA 635L, manufactured by BASF Japan) 4 pts.wt. 

Benzotriazole ultraviolet absorber (TINUVIN 234, manufactured by CIBA-GEIGY (Japan) Ltd.) 1 0 pts.wt 

Methyl ethyl ketone/toluene = 1/1 (weight ratio) 80 pts,wt. 



Coating liquid 5 for protective layer 
[0071] 



Polycarbonate resin (PC-5) 
Polyester resin (PEs-1) 
Methyl ethyl ketone/toluene « 



1/1 (weight ratio) 



15 pts.wt. 
5 pts.wt 
80 pts.wt. 



Coating liquid 6 for protective layer 
[0072] 



Polycarbonate resin (PC-1) 

Methyl ethyl ketoneAoluene = 1/1 (weight ratio) 



20 pts.wt. 
80 pts.wt. 



Coating liquid 7 for protective layer 
[0073] 



Polycarbonate resin (PC- 1 ") 20 pts.wt. 

Benzotriazole ultraviolet absorber (TINUVIN 320, manufactured by CIBA-GEIGY (Japan) Ltd.) 10 pts.wt. 
Methyl ethyl ketone/toluene = 1/1 (weight ratio) 80 pts.wt. 



Coating liquid 8 for protective laver 
[0074] 



Polycarbonate resin (PC-6) 


20 pts.wt 


Trichloromethane 


80 pts.wt 
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- Coating liquid 9 for protective laver 
, [0075] 



10 



Polycarbonate resin (PC-7) 

Acrylic copolymer as ultraviolet absorber (UVA 635L. manufactured by BASF Japan) 
Trichlorom ethane 



15 pts.wt. 

5pts.wt. 
80 pts.wt. 



Coating liquid 10 for protective laver 
is [0076] 



20 



Polycarbonate resin (PC-8) 

Benzotriazole ultraviolet absorber (TINUVIN 328, manufactured by C1BA-GEIGY (Japan) Ltd.) 
Trichloromethane 



20 pts.wt 
10 pts.wt. 
80 pts.wt. 



25 Coating liquid 11 for protective laver 
[0077] 



Polycarbonate resin (PC-9) 

Methyl ethyl ketone/toluene = 1/1 (weight ratio) 



20 pts.wt 
80 pts.wt. 



35 Coating liquid 12 for protective layer 
[0078] 



AO 



Acrylic resin (DianaJ BR-75, manufactured by Mitsubishi Rayon Co., Ud.) 
Methyl ethyl ketone/toluene = 1/1 (weight ratio) 



45 Coating liquid 13 for protective laver 
[0079] 



20 pts.wt. 
80 pts.wt 



50 



55 



Vinyl chlorideA/inyl acetate copolymer (Denka Vinyl #1000ALK, manufactured by DenW Kagaku Kogyo 
K.K.) 

Benzotriazole ultraviolet absorber (TINUVIN 328, manufactured by CIBA-GEIGY (Japan) Ltd.) 
Methyl ethyl ketoneAduene = 1/1 (weight ratio) 



20 pts.wt. 

1 0 pts. wt. 
80 pts.wt. 
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Coating liqui d 1 for release layer 
[0080] 



70 



Alkyl vinyl ether/maleic anhydride copolymer derivative (VEMA, manufactured by Daicel Chemical 
Industries, Ltd.) 

Polyvinyl alcohol resin (manufactured by Kuraray Co., Ltd.) 
Water/ethanol = 2/3 (weight ratio) 



10 pts.wt 

2 pts.wt. 
100 pts.wt. 



75 



Coating liquid 2 for release laver 
[0081] 



20 



25 



30 



lonomer resin (manufactured by Mitsui Chemical Co. Ltd.) 
Water/ethanol = 2/3 (weight ratio) 



1 0 pts.wt. 
100 pts.wt. 



Preparation of thermal transfer imaoe re ceiving sheets 

[0082] The following thermal transfer image receiving sheets (image receiving papers 1 and 2) were prepared. 
Image receiving paper 1 

[0083] A 150 p,m-thick synthetic paper (YUPO FPG#150, manufactured by Oji-Vuka Synthetic Paper Co., Ltd.) was 
provided as a substrate sheet. A coating liquid, for a receptive layer, having the following compositions was coated on 
one side of the substrate sheet by wire bar coating (coverage 5.0 g/m 2 on solid basis), and the coating was dried at 
1 10°C for 30 sec. Thus, a thermal transfer image receiving sheet (image receiving paper 1) was prepared. 

35 Coating liquid for receptive laver 

[0084] 



40 



45 



Vinyl chloride/vinyl acetate copolymer (Denka Vinyl #1000 A, manufactured by DenW Kagaku Kogyo 
K.K.) 

Epoxy-modified silicone (X-22-3000T, manufactured by The Shin-Etsu Chemical Co., Ltd) 
Methyl ethyl ketone/toluene = 1/1 (weight ratio) 



1 0 pts.wt. 

1 pt.wt. 
40 pts.wt. 



Image receiving paper 2 

so [0085] A thermal transfer image receiving sheet (image receiving paper 2) was prepared in the same manner as 
described above in connection with the preparation of image receiving paper 1, except that the coating liquid, for a 
receptive layer, having the following composition was used instead of the coating liquid for a receptive layer in image 
receiving paper 1. 



55 



15 



. Coating liquid tor receptive layer 
, [0086] 





Polycarbonate resin (PC-3) 


7 pts.wt. 




Polycaproiactone (PLACCEL H7, manufactured by DaiceJ Chemical Industries, Ltd.) 


1 ptwt. 


10 


Methyl/phenylsiloxane 


1 .5 pts.wt. 




Methyl ethyl ketone/toluene 1/1 (weight ratio) 


40 pts.wt. 



Preparation of prote ctive laver transfer sheets 

15 

[0087] Next, the following protective layer transfer sheets (Examples 1 to 7 and Comparative Examples 1 to 6) were 
prepared. 

Example 1 

20 

[0088] An ink. for a backside layer, having the following composition was coated by gravure coating on one side of a 
6 p,m-thick polyethylene terephthalate film (Lumirror, manufactured by Toray Industries, Inc.) as a substrate sheet. The 
coating was then dried and heat-cured to form a backside layer (thickness 1 Jim). 

[0089] The coating liquid 1 for a protective layer was coated on the substrate sheet in its side remote from the back- 
25 side layer by gravure coating at a coverage on a dry basis of 2 g/m 2 , and the coating was then dried (1 10°C/60 sec) to 
prepare a protective layer transfer sheet of the present invention. 

Ink for backside layer 

30 [0090] 
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Polyvinyl butyral resin (S-lec BX-1 , manufactured by Sekisui Chemical Co., Ltd.) 


3.6 pts.wt. 


Polyisocyanate (Burnock D750-45, manufactured by Dainippon Ink and Chemicals, Inc.) 


19.2pts.wt 


Phosphoric ester surfactant (Plysurf A208S, manufactured by Dai-lchi Kbgyo Seiyaku Ca.Ltd.) 


2.9 pts.wt. 


Phosphoric ester surfactant (Phosphanol RD720, manufactured by Toho Chemical Industry Co., 


0.3 ptwt. 


Ltd.) 




Talc (Y/X - 0.03 , manufactured by Nippon Talc Co.. Ltd.) 


0.2 ptwt. 


Methyl ethyl ketone 


33 pts.wt. 


Toluene 


33 pts.wt. 


Example 2 



[0091 ] A backside layer (thickness 1 jim) was formed on a 6 fim-thick polyethylene terephthalate film (6FK203E, man- 
so ufactured by Diafoil Hoechst Co., Ltd.) as a substrate sheet in its nonadhesive side in the same manner as in Example 
1. 

[0092] The coating liquid 1 for a release layer was then coated on the substrate sheet in its adhesive side remote from 
the backside layer by gravure coating at a coverage on a dry basis of 0.5 g/m 2 , and the coating was dried (1 10°C/60 
sec). Thereafter, the coating liquid 2 for a protective layer was coated at a coverage of 2 g/m 2 , and the coating was dried 
55 (1 10°C/60 sec) to prepare a protective layer transfer sheet of the present invention. 
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Example 3 

[0093] A protective layer transfer sheet for a protective layer of the present invention was prepared in the same man- 
ner as in Example 1 , except that the coating liquid 3 for a protective layer was used instead of the coating liquid 1 for a 
5 protective layer. 

Example 4 

[0094] A protective layer transfer sheet for a protective layer of the present invention was prepared in the same man- 
io ner as in Example 2, except that the coating liquid 2 for a release layer was used instead of the coating liquid 1 for a 
release layer and the coating liquid 4 for a protective layer was used instead of the coating liquid 2 for a protective layer. 

Example 5 

75 [0095] A protective layer transfer sheet for a protective layer of the present invention was prepared in the same man- 
ner as in Example 1 , except that the coating liquid 5 for a protective layer was used instead of the coating liquid 1 for a 
protective layer. 

Example 6 

20 

[0096] A protective layer transfer sheet for a protective layer of the present invention was prepared in the same man- 
ner as in Example 2, except that the coating liquid 2 for a release layer was used instead of the coating liquid 1 for a 
release layer and the coating liquid 6 for a protective layer was used instead of the coating liquid 2 for a protective layer. 

Example 7 

[0097] A protective layer transfer sheet for a protective layer of the present invention was prepared in the same man- 
ner as in Example 1 , except that the coating liquid 7 for a protective layer was used instead of the coating liquid 1 for a 
protective layer. 

30 

Comparative Example 1 

[0098] A comparative protective layer transfer sheet was prepared in the same manner as in Example 1 , except that 
the coating liquid 8 for a protective layer was used instead of the coating liquid 1 for a protective layer. 

35 

Comparative Example 2 

[0099] A comparative protective layer transfer sheet for a protective layer was prepared in the same manner as in 
Example 2, except that the coating liquid 9 for a protective layer was used instead of the coating liquid 2 for a protective 
40 layer. 

Comparative Example 3 

[0100] A comparative protective layer transfer sheet for a protective layer was prepared in the same manner as in 
45 Example 1 . except that the coating liquid 1 0 for a protective layer was used instead of the coating liquid 1 for a protective 
layer. 

Comparative Example 4 

50 [0101] A comparative protective layer transfer sheet for a protective layer was prepared in the same manner as in 
Example 2. except that the coating liquid 2 for a release layer was used instead of the coating liquid 1 for a release layer 
and the coating liquid 1 1 for a protective layer was used instead of the coating liquid 2 for a protective layer. 

Comparative Example 5 

55 

[0102] A comparative protective layer transfer sheet for a protective layer was prepared in the same manner as in 
Example 1 , except that the coating liquid 12 for a protective layer was used instead of the coating liquid 1 for a protective 
layer. 
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Comparative Example 6 

[0103] A comparative protective layer transfer sheet for a protective layer was prepared in the same manner as in 
Example 2, except that the coating liquid 1 3 for a protective layer was used instead of the coating liquid 2 for a protective 
layer. 

Evaluation of protective la ver transfer sheet 

[0104] The protective layer transfer sheets (Examples 1 to 7 and Comparative Examples 1 to 6) thus prepared were 
evaluated for the kick back fastness as follows. The results are summarized in the following Table 2. 

Evaluation o f kick back fastness 

Preparation of samples. 



(1) A sheet of a thermal dye transfer film PK700L for a video printer CP-700 manufactured by Mitsubishi Electric 
Corporation was put on the top of another sheet of the thermal dye transfer film PK700L so that the cyan dye side 
of one of the sheets faced the backside of the other sheet The laminate was stored at 50°C for 1 00 hr under a load 
of 2 kgf/cm 2 to kick off the cyan dye against the backside of the thermal dye transfer film PK700L 

(2) The backside against which the cyan dye had been kicked off was put on the top of the protective layer transfer 
sheets prepared in the examples and the comparative examples, and the laminates were stored at 60°C for 4 hr 
under a load of 2 kgf/cm 2 to back the cyan dye against the surface of the protective layer. 

Quantitative determination 

[01 06] The density (O.D. value) before and after the backing of the cyan dye was measured with a reflection densito- 
meter Macbeth RD 918 manufactured by Sakata INX Corp., and a difference in density (aO.D.) was determined by the 
following equation: 



The kick back fastness was evaluated according to the following criteria. 

Evaluation criteria 

[0107] 

© : aO. D. s 0.03 
O : Q-03 < aO.D. ^ 0.06 
A : 0.06 < aO.D. ^ 0.09 
X : 0.09 < aO.D. 

[0108] A halftone image was formed by thermal transfer recording according to the following method. 
Th e rm al tran sfer recording 

[01 09] A thermal dye transfer film PK700L for a video printer CP-700 manufactured by Mitsubishi Electric Corporation 
was provided as a thermal dye transfer film, and the image receiving paper 1 or the image receiving paper 2 was pro- 
vided as an image receiving sheet. The thermal transfer film and the image receiving sheet were put on top of each 
other so that the dye layer faced the dye receiving surface. Thermal transfer recording was carried out by applying a 
thermal head to the backside of the thermal transfer film under the following condtions to transfer dyes in the order of 
Y (yellow), M (magenta), and C (cyan) onto the image receiving sheet. Thus, a halftone image of gray was formed. 



[0105] 



a O.D. a (O.D. value after backing) - (O.D. value before backing) 
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[0110] 



Thermal head: 

Average resistance of heating element: 
Printing density in scanning direction: 
Printing density in feed direction: 
Applied electric power: 
One line period: 
Printing initiation temp.: 



KGT-217-12MPL20 (manufactured by Kyocera Corp.) 

3195D 

300 dpi 

300 dpi 

0.12w/dot 

5 msec 

40°C 



[01 1 1] Gradation control: A test printer of a multi-pulse system was provided which had such a pulse length that one 
line period was divided into 256 equal parts and wherein the number of divided pulses could be varied from 0 to 255 
during one line period. The duty ratio of each divided pulse was fixed at 60%. and, according to the gradation, the 
number of pulses per line period was increased stepwise in 17 increments from 0 to 255, that is, was 0 for step 0, 17 
for step 1, and 34 for step 2. Thus, 16 gradations from step 0 to step 15 were controlled. 
[01 1 2] Next, a protective layer was transferred onto the gradation image thus formed. 



Transfer of protective laver 



[011 3] For the prints formed by the above thermal transfer recording, the protective layer transfer sheets prepared in 
the examples and the comparative examples were put on the top of the prints so that the surface of the protective layer 
faced the image received surface, followed by transfer of the protective layer over the whole surface of the prints by 
means of a thermal head under the following printing conditions. 

Printing conditions 



[0114] 



Thermal head: KGT-217-12MPL20 (manufactured by Kyocera Corp.) 

Average resistance of heating element: 3195 Q 

Printing density in scanning direction: 300 dpi 

Printing density in feed direction: 300 dpi 

Applied electric power: 0.12 w/dot 

One line period: 5 msec 

Printing initiation temp. : 40°C 



[0115] Applied pulse: A test printer of a multi-pulse system was provided which had such a pulse length that one line 
period was divided into 256 equal parts and wherein the number of divided pulses could be varied from 0 to 255 during 
one line period. Solid printing was carried out with the duty ratio of each divided pulse being fixed at 60% and the 
number of pulses per line period being fixed to 210, followed by transfer of the protective layer over the whole surface 
of the prints. 

[01 1 6] The prints with the protective layer provided thereon were evaluated for light fastness by the following method. 
The results are summarized in the following Table 2. 



Light fastness test 



[0117] For the prints with the protective layer provided thereon, a light fastness test was carried out using a xenon 
Fade-O-Meter under the following conditions. 



Irradiation tester: 
Light source: 
Filter: 

Black panel temp.: 
Irradiation intensity: 
Irradiation energy: 



Ci 35 manufactured by Atlas 
xenon lamp 

inside = IB filter, outside = soda lime glass 
45°C 

1 .2 W/m 2 as measured at 420 nm 

400 kJ/m 2 in terms of integrated value at 420 r 
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[0118] Subsequently, the optional reflection density of the Cy component in the gray image was measured with an 
optical densitometer (Macbeth RD-91 8, manufactured by Macbeth) through a red filter. In this case, for the step with the 
optical reflection density before the irradiation being around 1 .0, a difference in optical density between before and after 
the irradiation was determined, and the retention of the optical density was calculated by the following equation: 



Retention (%) = (optional reflection density after irradiation/optical reflection density before irradiation) x 100 
[011 9] The light fastness of the prints was evaluated according to the following criteria. 
io Evaluation criteria 

[0120] 

© : retention of not less than 80% 

is O : retention of 70 to less than 80% 

A : retention of 60 to less than 70% 

X : retention of less than 60% 



25 



30 
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40 
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[0121] As is apparent from Table 2, all the protective layer transfer sheets of the present invention (Examples 1 to 7) 
possessed excellent kick back fastness and light fastness. 

[0122] By contrast, the protective layer transfer sheets (Comparative Examples 1 to 3) also possessed excellent kick 
55 back fastness and light fastness. In these comparative protective layer transfer sheets, however, a halogenated solvent 
should be used in the preparation thereof. This renders the comparative protective layer transfer sheets unsuitable for 
practical use from the viewpoint of work environment. 

[0123] The protective layer transfer sheets (Comparative Examples 4 to 6) were poor in at least one of the kick back 
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fastness and the light fastness and hence were unsuitable for practical use. 
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Claims 

1 . A protective layer transfer sheet comprising: a substrate sheet; and a thermally transferable protective layer pro- 
vided on at least a part of one side of the substrate sheet, the protective layer comprising at least an aromatic poly- 
carbonate resin which is soluble in a nonhalogenated solvent and has a glass transition temperature Tg of 80°C or 
above. 

2. The protective layer transfer sheet according to claim 1 , wherein the aromatic polycarbonate resin comprises either 
a random copolymer of structural units represented by the following general formula (1) with not more than 70% by 
mole of structural units represented by the following general formula (2), or a homopdymer consisting of structural 
units represented by the following general formula (1): 
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wherein n is an integer; and 
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CH3 



(2) 



n 



wherein n is an integer. 

The protective layer transfer sheet according to claim 1 or 2, wherein the protective layer comprises at least one 
member selected from the group consisting of an acrylic resin, a styrene resin, a polyester resin, and a polyvinyl 
acetal resin, each of the resins having a glass transition temperature Tg of 80°C or above. 

The protective layer transfer sheet according to any one of claims 1 to 3, wherein the protective layer comprises a 
random copolymer of a reactive ultraviolet absorber with an acrylic monomer, the random copolymer having a glass 
transition temperature Tg of 60°C or above and represented by the following general formula (3): 
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(3) 



is wherein m and n are integers. 

5. The protective layer transfer sheet according to any one of claims 1 to 4, wherein the protective layer comprises a 
benzotriazole ultraviolet absorber. 

20 6. The protective layer transfer sheet according to claim 3. wherein the polyester resin is an alicyclic polyester resin 
comprising an alicyclic compound comprised of at least one diol moiety and at least one acid moiety. 

7. The protective layer transfer sheet according to claim 6. wherein the alicyclic compound is tetracyclodecane glycol. 

25 8. The protective layer transfer sheet according to claim 5, wherein the benzotriazole ultraviolet absorber is repre- 
sented by the following general formula (5): 

HO X 



30 



35 




N N < 



(5) 



40 



wherein X and Y represent an optionally branched alkyl group or aralkyl group having 4 to 12 carbon atoms and Z 
represents hydrogen or a chlorine atom. 

A print comprising a substrate having, on at least one side thereof, at least a dye image and a protective layer cov- 
ering at least a part of the image, the protective layer having been formed by transfer from the protective layer trans- 
fer sheet according to any one of claims 1 to 8. 
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